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from	the	rejected	components	in	a	real	precast	factory	for	performing	high-performance	self-compacting	precast	concrete,	manufactured	in	the	same	industrial	plant	where	those	rejected	RA	components	are	produced.








used	 in	 structural	precast	components.	The	 recycled	aggregates	are	 in	 turn	 taken	 from	rejected	structural	precast	concrete	pieces.	The	high-quality	of	 these	RA	 is	expected	 to	contribute	 to	 the	manufacture	of	high-performance
concretes,	with	good	self-compactability	and	high	strengths.	This	study	was	carried	out	on	a	real	precast	factory,	where	the	final	self-compacting	precast	concrete	was	manufactured	and	where	the	recycled	aggregates	were	obtained,























Cement CaO SiO2 Al2O3 Fe2O3 SO3 K2O MgO TiO2 C
I-52.5R 68.3 17.5 5.74 3.01 2.38 1.29 1.70 0.38 0.46
Table	2	Properties	of	the	NA.
Property Dr	[g/cm3] Dsss	[g/cm3] A	[%	wt.] Dc	[g/cm3] LA	[%]
Standard EN-1097-6 EN-1097-6 EN-1097-6 EN-1097-6 EN-1097-5
Sand	(0/2) 2.63 2.64 0.26 1.62 –








The	precast	components	were	crushed	at	a	waste	 treatment	centre.	 In	 the	 first	place,	 the	steel	 reinforcements	were	removed	with	a	hydraulic	clamp,	after	which	a	 jaw	crusher	reduced	the	waste	 to	an	aggregate	size	of
0/150 mm.	Crushing	was	then	done	with	an	impact	crusher,	to	produce	an	aggregate	size	of	around	0/30 mm.	A	final	screening	produced	an	aggregate	size	of	approximately	4/12.5 mm,	thereby	exploiting	60%	of	the	weight	of	cement.
The	excess	 sizes	 (12.5/30 mm)	could	be	 reused	after	a	 second	crushing	process	and	 the	 fraction	 (0/4 mm)	could	be	used	as	 recycled	 fines.	Table	3	 shows	 the	 chemical	 composition	of	 the	RA	4/12.5	and	Table	 4	 shows	 its	 physical
properties,	together	with	the	values	from	the	literature,	related	with	RA	from	in	situ	concrete	and	RA	from	precast	concrete.	The	RA	grading	curve	is	shown	above	in	Fig.	1,	together	with	those	of	the	NA.
Table	3	Chemical	composition	by	XRF	of	the	RA.
Component CaO SiO2 Al2O3 Fe2O3 SO3 K2O MgO TiO2 C
RA	4/12.5 37.4 18.5 56.53 1.10 0.16 1.32 0.79 0.09 0.47
Table	4	Properties	of	the	RA.
Properties Standard Spanish	Standard	limits RA	from	common	or	in	situ	concrete	[10,12,21,30–38] RA	from	precast	concrete	[23,24,39–43] Obtained	values
Sieve	modulus – – 6.2–7.6 6.78 6.68
Fines	content	(%wt) EN-933-2 ≤1.5 0.27–1.14 0.27–1.14 0.41
Particles	smaller	than	4 mm	(%wt) EN-933-1 ≤10 0.5–2.0 1.38 1.10
Flakiness	index	(%wt) EN-933-3 ≤35 7–22 10–12 7.9
Shape	coefficient	(%wt) EN-933-4 >0.2 1–15 11–12 2.25
Density	(g/cm3) EN-1097-6 2–3 2.1–2.4 2.48–2.6 2.41
Absorption	coefficient	(%wt) EN-1097-6 ≤5 4–10 4.19–4.57 4.15
Los	Angeles	(%wt) EN-1097-2 ≤40 25–45 31–33 37
Soft	particles	(%wt) EN-7134-58 ≤5 20–60 16.68 21
Mortar	adhered	(%wt) Thermal	shock – 30–60 – 52
Crushing	value	(%wt) UNE-83112 – – 30 35
Resistance	to	magnesium	(%wt) EN-1367-2 ≤18 0–20 2 11.51
Alkali	reactivity(%lon) UNE-EN-146509 ≤0.4% – – 0.02
Light	particles	(%wt) EN-1733-1 ≤1 0.5–5 0.023 0.01
Clay	lumps	(%wt) EN-7133 ≤0.25 0.05–0.6 0.25 0.01
Fig.	2	Waste	landfill	site	for	precast	reinforced	concrete	and	their	crushing	process.
Water	soluble	chloride	(%wt) UNE-1744-1 ≤0.05 0.001–0.05 0.0015 0.005
Soluble	sulphates	in	acid	(%wt) UNE-1744-1 ≤0.80 0.10–0.62 0.65 0.44








Designation RAC-30 RAC-37.5 RAC-45
Substitution CC-30 20% 50% 100% CC-37 20% 50% 100% CC-45 20% 50% 100%
Siliceous	Sand	(0/2) kg 650 650 670 720 650 650 670 720 650 650 670 720
Siliceous	Gravel	(2/12) kg 1150 920 540 0 1150 920 540 0 1150 920 540 0
RA	(4/12) kg 0 250 540 1040 0 250 540 1040 0 250 540 1040
Limestone	filler kg 320 320 320 320 300 300 300 300 280 280 280 280
CEM	I	52.5R kg 250 250 250 250 290 290 290 290 320 320 320 320
Water kg 112 112 112 112 112 112 112 112 112 112 112 112
Admixture	1	SP kg 0.50 0.50 0.65 0.85 0.50 0.50 0.65 0.85 0.50 0.50 0.65 0.85
Admixture	2	SP kg 1.30 1.30 1.60 2.00 1.30 1.30 1.60 2.00 1.30 1.30 1.60 2.00
Slump	flow mm 680 600 580 550 780 700 580 650 750 710 600 650
T500	slump	flow s 4 5 5 7 3 5 6 6 3 3 4 7
Theoretical	w/c	ratio 0.45 0.45 0.45 0.45 0.38 0.38 0.38 0.38 0.35 0.35 0.35 0.35











Property Preferred	test	method Specification Classes Values
Flowability Slump-flow	test Slump-flow	in	mm SF1 550	to	–650 mm
SF2 660–750 mm
SF3 760–850 mm
Viscosity	(rate	of	flow) T500	Slump-flow	test,	or	V-funnel	test T500,	in	s,	or	V	funnel	time	in	s VS1/VF1 ≤2/≤8	s
VS2/VF2 >2/9–25 s












Property Units Standard RAC-37.5
CC-37.5 20% 50% 100%
Viscosity	by	V-funnel	test s UNE-83364 5	(VF1	class) 6	(VF1	class) 10	(VF2	class) 19	(VF2	class)
Passing	ability	L-box EN-12350-9
T20	s:	H1/H2 – 0.88	(PA1	class) 0.87	(PA1	class) 0.85	(PA1	class) 0.80	(PA1	class)
T40	s:	H1/H2 – 0.98	(PA1	class) 095	(PA1	class) 0.89	(PA1	class) 0.85	(PA1	class)
4.2	Hardened	properties	of	concrete
The	specimens	were	cured	in	a	climatic	test	chamber	with	a	moisture	level	of	95 ± 5 °C	and	20 ± 2 °C	over	28 days.	EN	12390-7	[47]	was	applied	for	the	determination	of	the	hardened	densities	of	prismatic	specimens	measuring
150x150x300	mm.	Absorption	and	porosity	were	determined	 in	accordance	with	ASTM	C-642	 [48]	using	100x100x100	mm	cubes.	EN	12390–3	[47]	 for	 the	determination	 of	 compressive	 strength	 [47]	 and	EN	12390-6	 [47]	 for	 the
determination	of	splitting	 tensile	strength	on	cylindrical	specimens	with	diameters	of	150 mm	and	a	height	of	300 mm	were	both	applied.	Flexural	 strength	 tests	were	also	performed	according	 to	EN	12390-5	 [47]	with	 prismatic












Designation RAC-30 RAC-37.5 RAC-45
Substitution unit CC-30 20% 50% 100% CC-37 20% 50% 100% CC-45 20% 50% 100%
Apparent	density g/cm3 2.37 2.36 2.34 2.29 2.37 2.36 2.30 2.30 2.40 2.37 2.36 2.31
Relative	density g/cm3 2.41 2.40 2.39 2.33 2.42 2.40 2.41 2.34 2.43 2.41 2.40 2.35
Saturate	density g/cm3 2.42 2.41 2.40 2.38 2.43 2.42 2.41 2.35 2.44 2.43 2.42 2.36
Absorption	coefficient %wt. 3.30 3.40 3.79 4.10 3.12 3.31 3.52 3.11 2.95 3.01 3.20 3.05
(1)
Open	porosity %vol. 7.30 7.50 8.15 8.50 6.25 5.92 6.25 7.14 5.15 5.80 6.0 6.30
Ultrasonic	pulse	velocity km/s 4.98 4.87 4.83 4.75 4.95 4.91 4.85 4.71 4.92 4.95 4.87 4.80
Compressive	strength MPa 49.09 49.98 55.64 56.75 58.30 60.25 58.52 70.56 63.36 64.13 66.82 72.81
Splitting	tensile	strength MPa 5.17 5.06 4.85 4.92 5.50 5.15 5.20 5.32 5.30 5.21 4.95 5.00
Flexural	strength MPa 6.20 6.30 6.35 5.60 6.90 7.58 6.15 6.70 7.95 7.80 7.90 7.80
Elastic	modulus GPa 36.98 38.50 35.15 34.03 38.55 41.50 36.62 36.40 40.83 42.60 38.01 37.80






























































In	Fig.	12,	 a	 fit	 of	 this	 type	 is	 introduced,	 using	 the	 experimental	 values	 of	 elasticity	modulus	 that	have	been	obtained.	 In	general,	 the	 elasticity	modulus	diminishes	with	 the	degree	of	 substitution	 in	 the	 three	mixes,	 in
agreement	with	the	lower	elasticity	modulus	of	the	RA	with	regard	to	the	NA,	due	to	higher	porosity	and	to	the	higher	volume	of	adhered	cement	paste.	In	this	section,	it	should	be	stressed	that	the	SCC,	the	source	of	the	RA,	usually
presents	a	higher	paste/aggregate	ratio	than	non-self-compacting	concretes.
















































• The	RA	obtained	 from	precast	 elements	had	been	 shown	 to	be	a	high-quality	 aggregate,	within	 the	 recommended	 limits	 of	 the	 current	Spanish	 standard	EHE-08.	Among	others,	 an	RA	 fines	 content	 of	 0.41%	and	an	RA	water	 absorption
coefficient	of	4.15%	were	lower	than	the	requirements	specified	in	the	standard	for	limits	of	1.5%	and	5%,	respectively.
• The	use	of	RA	produced	a	reduction	of	the	effective	w/c	ratio	that	was	compensated	by	the	use	of	superplasticizer	additives,	in	order	to	achieve	the	correct	slump	flow	of	the	SSC	performed.
• Despite	the	increase	of	superplasticizer	in	the	mixtures,	the	slump	cone	decreased	with	the	incorporation	of	RA,	probably	due	to	the	high	RA	water	absorption	coefficient	and	the	constant	water	content	in	the	mixtures.	Therefore,	the	study	of
the	physical	and	mechanical	properties	of	the	manufactured	SSC	in	this	work	was	done	by	taking	into	account	the	effective	w/c	ratio.
• The	three	control	mixtures	(CC-30,	CC-37.5	and	CC-45)	and	their	corresponding	concretes	manufactured	with	20%,	50%	or	100%	of	RA	(identified	as	RAC-20,	RAC-50	and	RAC-100,	respectively)	gave	results	of	in-fresh	and	hardened	properties
suitable	for	use	as	self-compacting	concrete.
• According	to	the	requirements	of	the	EFNARC	SCC	guidelines,	all	the	RAC-100	were	classified	with	a	flowability	class	of	SF1	(slump-flow	between	550	and	650 mm)	and	a	viscosity	class	of	VS2	(T500 > 2 s).	As	was	expected,	the	flowability
increased	in	the	mixes	with	a	lower	content	of	both	cement	and	RA.
• Likewise,	mixture	RAC-37.5	with	100%	of	RA	obtained	a	VF2	viscosity	class	in	the	V-funnel	test	and	PA1	passing	ability	class	in	the	L-box	test.
• The	physical	and	mechanical	results	represented	as	a	function	of	effective	w/c	ratio	permits	a	simple	and	practical	method	for	use	with	other	RAC,	making	it	possible	to	extrapolate	the	trend	curve	to	other	dosages.
• The	porosity	and	water	absorption	of	the	mixtures	increased	with	the	percentage	of	aggregates	substitutions,	while	the	density	decreased.
• In	general,	compressive,	splitting	and	flexural	strength	of	RAC	mixes	achieved	slightly	lower	results	the	higher	the	percentage	of	RA.	Despite	this	observation,	RAC-100	for	all	the	mix-designs	reached	values	of	compressive	strength	between	57
and	73 MPa,	of	splitting	strength	at	around	5 MPa	and	a	flexural	strength	between	5	and	8 MPa.
• The	UPV	of	the	RAC	mixes	underwent	decreases	of	less	than	5%	compared	to	the	CC	mixes.	Likewise,	the	moduli	of	static	and	dynamic	elasticity	diminished	as	the	degree	of	RA	substitutions	increased.	These	decreases	were	due	to	the	lower
stiffness	of	RA	with	regard	to	NA.	Those	moduli	should	therefore	be	seen	as	more	limiting	than	conventional	compressive	strength.
• The	good	global	results	obtained	in	this	RAC	study	have	likewise	indicated	that	the	durability	performance	of	the	concretes	in	this	study	was	also	good.
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Highlights
• High-quality	recycled	aggregates	(RA)	produced	from	structural	precast	elements.
• Self-Compacting	Concrete	(SCC)	manufactured	with	RA	fulfilled	current	regulations.
• Slump	loss	due	to	water	absorption	of	RA	compensated	with	superplasticizers.
• SSC	with	different	w/c	ratios	compared	by	extrapolation	of	fitted	curves.
• Loss	of	stiffness	is	more	limiting	than	loss	of	compressive	strength.
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